Abstract. Agricultural productivity growth in Chinese provinces is examined for the 1994-2005 period. It is studied using a data set seldom used and with two alternative approaches. Results show that productivity growth rates have been high, about 4 percent, on average, during the period. The East outperformed the Central region, which in turn outperformed the West. Growth rates show a slight slowdown during the 1990s, an increase in the early 2000's, and a slowdown in 2004 and 2005. While the Malmquist estimates show convergence between the East and the West, the stochastic frontier estimates do not show the same pattern.
Introduction
Since the economic reforms of 1978, China's agricultural sector has had an impressive performance. According to China's statistical yearbook, by 2005 output from farming, forestry, animal industry and fishery had increased by more than four times since the reforms were initiated. China has nine percent of the world's total arable land, twenty percent of the world's population with seventy percent living in rural areas.
Many studies have examined Chinese agricultural growth. These studies point towards rapid expansion of agricultural output and productivity during the 1980's and a slow down during the 1990's raising questions about the sustainability of these growth rates. Few of these studies cover the 2000's and most estimate productivity at the national level rather than the provincial level.
In this study our objective is to examine regional agricultural productivity growth in China twenty years after the introduction of reforms in the sector. China is a country with diverse ecosystems and it is relevant to identify how productivity growth patterns differ across regions.
We focus on the 1993-2005 period, which includes 1998 the year in which some of the reforms of the 1970's were due to expire, in particular the 20-year leases on land. Most commonly one would develop a Fisher or Tornquist productivity index from observed price and quantity data as it is done by USDA for U.S. states but prices and input shares are not available. Even if they were, these prices would not represent opportunity costs given the high degree of interventions in the economy, including the strong restrictions on input mobility. With only quantities used and produced available from China's Statistical Yearbook (CSY) we estimate multifactor productivity growth (TFP) with a nonparametric Malmquist index and alternatively with a stochastic and parametric production frontier. The period of analysis is critical as during these years some of the policies and contracts implemented by the Household Responsibility System of the 1970's were due to expire. This may have increased uncertainty considerably, possibly having a stifling effect on productivity growth.
Several issues motivate the present study. First, most studies on Chinese agricultural productivity are done at the national level using FAO data. Some have focused on specific agricultural commodities. For this analysis we use provincial data from an alternative source, China's Statistical Yearbook. Second, the period of analysis in this study corresponds to the twentieth anniversary of the reforms implemented in the 1970's. A slight slowdown in output growth was observed during the late 1990's raising concerns that the rapid growth of the previous twenty years was fueled by increases in inputs rather than by innovations. By 2003 though the rate of output growth picked up, returning to pre-1996 levels. Third, we use two very different approaches to the measurement of productivity growth, one stochastic and parametric, the other non-parametric and non-stochastic with the objective of identifying sensitivity to choice of technique.
We find that productivity growth in Chinese agriculture has been higher in the mid 1990's than in the late 1990's, consistent with a slowdown mentioned by others. But we also find indication of a trend reversal around 1998 with productivity picking up pace again in the 2000's.
China's Agricultural Policies
Before 1978, agriculture in China was under a collective system. The first step in China's agricultural reform was the introduction of the "household production responsibility system" (HRS) in 1978. Under the HRS system, farmland is not privately owned but farmers have long term user rights. They are also free to allocate resources as they see fit but were required to deliver a quota to the government at procurement prices. The leftover output could be traded freely in the market. The objective was to align market signals to farmer's incentives to encourage them to raise output, reduce costs and adopt new technologies. Under this system, the fruits, vegetables and livestock markets have been less controlled than the grain markets. While farmers pay taxes and local fees, the local government is responsible for extension services and for the introduction of new technologies and seed varieties.
A second step in the reform process occurred at the beginning of the 1990's, when China abandoned its food rationing system. Under the grain-rationing system, urban consumers used coupons to buy a fixed amount of grain at a low price, with more available at market prices. Due to budget pressures in 1991-1992, the government reduced the gap between controlled and market prices finally eliminating it in 1994 as no resistance from urban consumers materialized.
An important reform was introduced in 1995, the Grain-Bag responsibility system, requiring leaders in each province to maintain overall balance of grain supply and demand within each province and to regulate local markets. This policy advocates self-sufficiency in grain production and resulted in potentially inefficient reallocation of resources towards grain production.
More recently, the following important reforms were introduced. In 1998 a second HRS wave replaced the one introduced in 1978 as land leases expired and were replaced by new ones.
Starting in 2000, taxes to the farming sector were gradually eliminated. In 2001, China became a member of the WTO.
Other Studies
We find numerous studies of agricultural productivity growth in China. They covered different periods, different aggregation levels, used different data sets and different methodologies. We discuss here these studies and their findings. We focus our attention, however, in those studies that report yearly estimates of total factor productivity growth in Chinese agriculture overlapping with the years covered by this study. Summary of these studies is given in Table 1 .
McMillan, Whalley and Zhu (1989) examined agricultural performance in 1978-1984 and the effects of price increases and of the institutional reform introduced by the household responsibility system (HRS). Fan (1991) used a frontier production function to separate agricultural growth into input growth, technical change, institutional reform, and efficiency change. Lin (1992) employed a fixed effects model on provincial data to evaluate the effects of decollectivization (HRS), price adjustments and other factors on productivity growth. In a follow up paper, Lin (1993) , studied the issue of efficiency of different systems and showed that household farms outperformed cooperative farms, which gave support for institutional reform in China. In yet another study, Lin (1995) examined rice production and tested the induced institutional innovation theory. A study by Huang and Rozelle (1995) used data from 1952 to 1990 and found that environmental stress was an important factor in reducing TFP growth after the mid 1980's. Spitzer (1997) applied a nonparametric index number approach to decompose total factor productivity in China's agriculture. He found that technical change was positive and efficiency change negative during the period from 1985 to 1994. Zhang and Carter (1997) constructed a Cobb-Douglas production function to separate the contribution of inputs, weather and efficiency to growth of grain production from 1980 to 1990. Zhang and Fan (2001) used a generalized maximum entropy approach to estimate a multi output production technology for twenty-five provinces during the period of 1979-1996. They did not, however, calculate and decompose total factor productivity growth. Jin et al. (2010) use a stochastic production frontier function approach to estimate the rate of change in TFP for 23 of China's main farm commodities. To do so they rely on the National Cost of Production Data Set.
They find negative rates of efficiency change outweighed by positive rates of technical change.
They do not, however, report yearly productivity growth at an aggregate level.
Regarding the role of market institutions and transaction costs on productivity, Rozelle et al (1997) examined market integration after the implementation of liberalized economic policies in food markets. Rozelle, Taylor and DeBrauw (1999) A number of studies have calculated and decomposed agricultural total factor productivity growth in China within a time frame overlapping (at least partially) with that considered in this analysis (see Table 1 ). Using provincial data, Lambert and Parker (1998) 2) Methodologies used include econometric estimation of production functions, some of them stochastic frontiers, growth accounting TFP indices, and data envelopment analysis (DEA).
3) Studies cover different periods that extend from the time when policy reforms were introduced up until the early 2000's.
Estimates indicate that agricultural productivity growth in China was higher immediately after the introduction of the Household Responsibility System (from 1978 to mid 80's) making institutional reform the main contributor to TFP growth in that period. However, there is evidence that TFP growth slowed down after that period and towards the end of 1990's which was speculated to be due to exhaustion of the institutional effect, the introduction of the procurement price system, environmental stress, or lack of agriculture investments and innovations that hindered further gain in productivity growth.
Regional Productivity Growth
Productivity refers to output per unit of input and can be measured using different approaches. We care about productivity growth because it indicates an increase in output in perpetuity. The most direct way to measure productivity is by constructing indexes of outputs and inputs with costs and revenue shares as weights. Given the difficulty in obtaining these shares, two alternative methods are used in this paper: a nonstochastic, Malmquist index and a stochastic production frontier. Both methods allow for estimation of the rate of productivity growth when no reliable information on prices is available. We refer to this rate as the total factor productivity (TFP) growth rate. Table 2 summarizes the data at the national level. (data by province is available from the authors).
Data

The Malmquist Index
The Malmquist index used in this study is the version specified by Färe, Grosskopf and Lovell. (1994) . Productivity change is decomposed into efficiency change (first term) and technical change (second term) with information from two consecutive data periods and it is very sensitive to extremes but it is free of specification error. We use Coelli's DEAP programming code to compute the Malmquist index and its components. Table 3 reports the national average rate of productivity growth derived using the Malmquist method and breaks this down into technical change and efficiency change components. China experienced high rates of productivity growth in 1994 and 1995 followed by a decrease from 1996 to 1998, and a reversal of this trend after 1999 with annual productivity growth rates between 4% and 2% between 2000 and 2005. On average, total factor productivity growth in Chinese agriculture during 1993-2005 was a robust 3.97% annually, compared to 1.73% productivity growth in U.S. agriculture during the same period. Table 4 reports average productivity rates of growth for each province and region, also using the Malmquist method. Liaoning were the best performers with average annual TFP growth rates of 6% to7%. The rural areas around Beijing and Shanghai were also strong performers, probably due to a shift in output toward higher-valued vegetable and fruit production. Provinces with productivity growth rates around 5% per year are Hebei, Hainan, Guangdong, Shandong, Jilin, Heinan, and Zheijang. A second set of provinces cluster around growth annual rates of 3%. The worst performer was Tibet, which actually experienced a productivity decline.
In Figure 1 we aggregate performance in three geographical regions: East, Center, and West (see Table 4 Some of the factors that might have affected economic performance during this period are: 1) bad weather conditions in the late 1990's; 2) government efforts to encourage diffusion and 3 Annual total factor productivity growth indexes for province and regions from the Malmquist method are given in Appendix  Table A1 . 4 A reviewer suggested that the Central region be divided into a North Central and a South Central region given differences in agronomic characteristics. We found that doing this shows that in later years, the North Central region has marginally outperformed the South Central region. On average annual TFP growth rates are 3.3% for the North Central and 2.5% for the South Central region. adoption of new technologies and production processes; 3) elimination of the rationing system in years 1994 and 1995; 4) steady decline in procurement prices during this period; 5) introduction of the Grain-Bag Responsibility System in 1995; 6) a new round of reforms around 1998 (especially, a second HRS with renegotiation of land contracts), 7) the reinforcement of market oriented policies and tax exemptions to the agricultural sector, and 8) WTO membership.
Stochastic Production Frontier
As an alternative to the Malmquist index a stochastic parametric translog production frontier is econometrically estimated, following , to use in the calculation of TFP growth rates. The specification used is: 
and accounts for technical inefficiency, h is a parameter to be estimated.
Equation (3) is estimated using Coelli's Frontier 4.1 econometric package with symmetry imposed. The maximum likelihood estimates of the parameters are in Table 5 . Yearly production elasticities evaluated at the mean of the variables, in Table 6 , indicate that the estimates are not globally concave. Nevertheless, they show a decreasing production elasticity of land and labor and an increasing production elasticity for fertilizer and machinery over time.
Technical change is obtained through differentiation of equation (3) with respect to t:
Technical efficiency level of region i at time t is defined as follows:
and efficiency change is the difference in TE across years.
The growth rate of TFP change is defined as the rate of change in output that is not accounted for by input change (where a dot over a variable represents rate of change):
where ε m are input production elasticities, m =land, labor, machinery and fertilizer.. In Table 8 we present the econometric estimates of TFP growth by province. Liaoning, Zhejiang, Shanghai and Fujian define the frontier throughout the period. The average TFP growth rates across provinces are less dispersed than in the Malmquist estimation. The TFP growth rates for Shanghai, Hainan, Beijing, Liaoning and Fujian are the highest, about 5% to 6% per year. Tibet, Ningxia, Guizhou, and Qinghai show the lowest rate of growth. 5 . A summary of the information in these tables is presented in Figure 4 where the evolution of the annual growth rate of TFP is shown for three regions, with the East (4.6%) performing better than the Central (3.7%) and West (3.5%) region.
6
Again, the pattern of these evolutions mimic the evolution of the TFP growth rates for the whole country and do not show the variability evident in the evolution of TFP growth rates estimated non-parametrically with the Malmquist index. While the Malmquist index is subject to extreme variability because it relies on information of two consecutive periods only and because of it deterministic nature, the econometric estimates may suffer from specification error from the linearity evident in equation 4.
Only a few previous studies estimated provincial agricultural productivity growth rates for a period as recent as the one in our paper (see Table 1 Only the studies by Dekle and Vandenbroucke (2006) and Bosworth and Collins (2008) include information up until 2004. Bosworth and Collins (2008) uses the same approach as
Meade (2003) with data for the country as a whole obtained from China's Statistical Yearbook.
5 Detailed information for all provinces and all years from the stochastic frontier method is provided in the Appendix Table A2 . 6 Separating the Central region into a North Central and a South Central shows that the North Central region outperformed the South Central region throughout the whole period. Average TFP growth rate in the North Central is 4.2% versus 3.7% in the South Central. Dekle and Vandenbroucke (2006) also fit a Cobb-Douglas production function but using provincial data. Consistent with our results, both studies found evidence of positive TFP growth rates.
There are many multi-country studies that include China among the many countries included in the analysis. These studies use FAO as the source of data, focus on a national aggregate and cover a period of time starting in 1961. These studies are not methodologically comparable to ours but they are of empirical interest. We mention here two of the latest studies of this type, Nin Pratt, Finally, this study shows important differences across methods in the estimation of productivity growth rates. While the Malmquist index reveals that average annual TFP growth rates in China decreased from 6% in 1994 to 0.3% in 1998 followed then by an increase to 2% to 4% after 1998, the econometric stochastic frontier estimates indicate a slight but continuous decline in TFP growth from 4.5% to 3.5% during the period of analysis. These differences are also notable in the evolution of the regional TFP growth rates as we pointed out above. We suspect that the choice of an econometric specification such as the translog implies a strong maintained hypothesis on the derivatives of the level function of interest. The Malmquist results show wide variation across years leading to question its deterministic nature and the fact that it uses information only on two adjacent periods possibly making it very sensitive to data errors and to any temporary changes in the data. Caution indicates that studies of productivity growth should use alternative approaches. While the Malmquist index, due to its nature, exacerbates variability, the econometric estimates exacerbate uniformity and smoothness.
The findings of this study are important because they provide a contrast with most other studies of Chinese agricultural productivity growth. By estimating rates of productivity growth for thirty provinces using two different approaches and an alternative data source we provide additional information that support results of earlier studies and extend the period of analysis.
Future research should look into understanding the differences in patterns most obvious in our Malmquist estimates. 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Avg. 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Avg. The econometric model is estimated using annual panel data for 30 provinces over 1993-2005. These elasticities are derived from the estimated translog stochastic frontier production function (see Table 5 ) evaluated at the mean values of the variables for 30 provinces. 
